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A B S T R A C T  

4 

Actinium metal has been prepared on the  milligram scale by t h e  reduction of 
ac t in ium f l u o r i d e  w i t h  l i t h i u m  vapor. A high-purity product w i t h  a y i e l d  of 
95% was obtained. I t  resembles lanthanum metal both chemicoally and physically. 
The melting p o i n t  of actinium metal was found t o  be 1,050 
t i o n s h i p  of t h e  me l t ing  poin t  of ac t in ium metal t o  t h e  melt ing p o i n t s  of metals 
adjacent t o  it i n  the  periodic table is discussed. 

f 5OoC. The rela-  

INTRODUCTION 

The chemical and physicr.1 p r o p e r t i e s  of act inium metal and its compounds have not  been 
exhaus t ive ly  inves t iga t ed .  bwause  ac t in ium occurs  i n  such small q u a n t i t i e s  i n  nature .  Whereas 
radium occurs  i n  uranium minerals  t o  t h e  e x t e n t  of 1 p a r t  i n  3 ,000 ,000  (parts of  uranium), 
act inium occurs  t o  t h e  extent. of only 1 part i n  15,000,000,000, However, s i n c e  t h e  advent of 
nuc lear  r e a c t o r s ,  it has been poss ib l e  t o  o b t a i n  act iyium i n  s i z a b l e  q u a n t i t i e s  by neutron 
bombardment of radium-226 according t o  t h e  r eac t ions :  

227 --t ( n b n  Ra 227 Ac -1 ,l3 
2 

The act inium can then  be separa ted  chemically from the  radium by t h e  method of Hagemann. 
F r i ed ,  Hagemann and Z a c h a r i ~ i s e n ~  s tud ied  the  p repa ra t ion  and p r o p e r t i e s  of some act inium 
compounds, These compounds wwe prepared i n  microgram q u a n t i t i e s  and were cha rac t e r i zed  by 
t h e i r  X-ray d i f f r a c t i o n  patterns. The p repa ra t ion  of metallic act inium was not  repor ted ,  As a 
cont inua t ion  of t h i s  e a r l i e r  work, act inium m e t a l  was prepared on a mil l igram s c a l e  i n  t h i s  
l abora to ry ,  and a study of scime of its chemical and physical p r o p e r t i e s  w a s  made The metal 
was prepared by t h e  l i t h ium reduct ion  of act inium f l u o r i d e  i n  vacuum, The handl ing of act inium 
and i ts  e x t r a c t i o n  from radium requ i r e  t h e  use of personnel  s h i e l d i n g  the re fo re ,  most of t he  
developmental work was carried out  w i t h  lanthanum and i ts  compounds as s t and- ins  f o r  actinium, 

E X P E R I M E N T A L  

Apparatus 

The lanthanum o r  act inium f l u o r i d e  w a s  contained i n  a molybdenum microcrucible .  t h e  
i n s i d e  dimensions of which were 0.200-inch diameter by 0.200-inch deep, T h i s  microcrucible 
was supported by means of a tantalum wire basket  i n  a molybdenum r e a c t o r  which cons is ted  of a 
c y l i n d r i c a l  body ( I s i n ,  long by &-in. 0.d. ), The microcrucible  and r e a c t o r  assembly is 
shown i n  F igure  1, Two concen t r i c  ho le s  were d r i l l e d  i n t o  the  r e a c t o r  body - t h e  first was 
0,435-inch i n  diameter and 1- inch  deep; t h e  second hole ,  w i t h  a &-inch diameter and concen- 
t r ic  wi th  the  f i r s t  
served as a suppor t  f o r  t h e  Mire basket.  The lower hole  served as  a con ta ine r  f o r  l i t h ium 
metal pellets,  The r e a c t o r  bcdy was capped by a nozzle  which had a hole  i n  t h e  top,  &-inch 
i n  diameter The nozzle  c o n s t r i c t e d  the  opening of  t h e  r e a c t o r  t o  inc rease  t h e  p re s su re  of 
t h e  l i t h i u m  vapor dur ing  a reduct ion.  The nozzle  and body of t h e  r e a c t o r  were wired toge the r  
wi th  tantalum wire t o  prevent the  nozzle  from being blown o f f .  

The r e a c t o r  was so  supported i n  the  vacuum envelope - by means of a c o l d  f i n g e r  

extended $inch deeper. The shoulder  formed by the  concen t r i c  ho les  

t ipped  wi th  a tungs ten  rod - t h a t  approximately t h e  top  one inch of t h e  r e a c t o r  was inse r t ed  
i n t o  t h e  c o i l s  of an induct icn  heater. The lower part of t h e  r e a c t o r  was heated by conduction 
and t h u s  was maintained a t  a somewhat lower temperature  than the  upper por t ion ,  which con- 
t a ined  the  microcrucible .  
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The l eng th  of t h e  r e a c t o r  was determined experimental ly  t o  give t h e  d e s i r e d  rate of 
l i t h ium d i s t i l l a t i o n  whi le  s t  ill maintaining the  upper p o r t i o n  at a temperature s u f f i c i e n t l y  
h igh  t o  i n i t i a t e  t he  r e a c t i o r  

The vacuum envelope is shown i n  Figure 2.. I t  is a double-walled Pyrex envelope 
capable of withstanding a vacuum of  a t  least 5 x millimeter of mercury The double walls 
permit cooling, o f  t h e  envelope t o  p reven t  r e a c t i o n o f  the glass with t h e  reducing metal 
l e a d s  from the e l e c t r o n i c  heater  were i n s e r t e d  i n t o  the envelope through side arms, A 
s t anda rd  spherical male j o i n t  at t h e  bottom of the  envelope held t h e  cold f i n g e r ,  which i n  
t u r n  supported the  r e a c t o r  
t h e  system with methyl a l cohc l  ( t o  remove v o l a t i l i z e d  l i t h ium)  o r  with helium, The t o p  su r face  
of the washing head is o p t i c a l l y  f l a t  which permits t h e  observat ion of t h e  r e a c t o r  du r ing  
ope ra t ions  The s ide arms, placed 180° from each o t h e r ,  are t ape red  downward t o  permit d ra in -  
age o f  s o l v e n t s  used f o r  wasting and are terminated wi th  1:-inch Housekeeper seals through 
which pass &-inch t u b u l a r  ccpper leads f o r  t h e  induct ion c o i l ,  These copper leads are s e a l e d  
with s i l v e r  s o l d e r  t o  t h e  HoLsekeeper seals. The induct ion c o i l  is :-inch i .d .  by l$-inches 
long and c o n s i s t s  of 5; turn2 of copper tub ing  I n  ope ra t ion  coo l ing  water w a s  passed through 
t h i s  c o i l  I t  was necessary t o  have the  induct ion c o i l s  i n s i d e  t h e  vacuum envelope, s i n c e ,  f o r  
reproducible  temperatures,  tke molybdenum r e a c t o r  had t o  be p r e t r e a t e d  a t  temperatures above 
1, 4OO0C These temperatures Mere not a t t a i n a b l e  without c lose  coupl ing 

The co ld  f i n g e r  c o n s i s t s  of two concen t r i c  Pyrex tubes  and a 

The 

C, similar j o i n t  a t  the  t o p  he ld  a washing head used f o r  f lu sh ing  

s tandard spherical 
female j o i n t  The o u t e r  tube is terminated with a $-inch Housekeeper seal  onto which has been 
s i l v e r - s o l d e r e d  a +-inch by 0 080-inch tungsten rod which s e r v e s  as a suppor t  f o r  t h e  r e a c t o r ,  
The seal was made between the j o i n t s  of t h e  cold f i n g e r  and t h e  vacuum envelope by means o f  
Apiezon N VEUIIIII grease. Since t h i s  grease is q u i t e  viscous a t  room temperature,  it w a s  neces- 
sary t o  h e a t  the female j o i n t  by means of a small r e s i s t a n c e  h e a t e r  t o  faci l i ta te  t h e  breaking 
of t h e  seal by t h e  r o t a t i n g  rod-runner. 

The power f o r  t h e  induc t ion  c o i l  was suppl ied by a f ive -k i lowa t t  General Electric 
e l e c t r o n i c  h e a t e r  The s i x - s t e p  t ransformer on t h e  heater w a s  replaced by a 220-volt ,  30- 
ampere Powerstat  v a r i a b l e  t ransformer which afforded a means of cont inuously varying t h e  i n -  
put  t o  t h e  high-vol tage transformer.  

The vacuum envelope was connected t o  t h e  vacuum system through a E standard spher i -  
ca l  female j o i n t  which p r o j e c t s  from one of t h e  s i d e  arms. The vacuum was obtained through t h e  
use of a D,P.I .  t h ree - s t age  c i l  d i f f u s i o n  pump i n  conjunct ion wi th  a Welch Duo-Seal o r  Cenco 
Megavac f o r e  pump, The vacuum manifold was designed s o  t h a t  t h e  envelope could be evacuated 
by t h e  f o r e  pump alone o r  by both pumps i n  series It was a l s o  p o s s i b l e  t o  open the  envelope 
t o  atmospheric p re s su re  withcut breaking vacuum on t h e  pumps. A l i q u i d - a i r  co ld  t ra  w a s  a l s o  
incorporated i n  t h e  vacuum manifold. The system could be evacuated t o  about 2 x 10 m i l l i -  
meter of mercury pressure although t h e  usual ope ra t ing  p res su re  is about 5 x low5 millimeter 
of mercury pressure,  The pressure of t he  system was measured by means of a Nat ional  Research 
Corporation thermocouple gauge and an ion  gauge developed a t  t h i s  l abo ra to ry  

-% 

4 

Most of t h e  work on actinium. except the a c t u a l  loading of t h e  microcrucible i n t o  
was carried ou t  behind :-inch of lead s h i e l d i n g ,  The apparatus  was observed t h e  r e a c t o r  

through a 6: by 7'i by 16-inch Lucite box f i l l e d  w i t h  a s a t u r a t e d  z i n c  bromide s o l u t i o n  and 
through a 8 by 4 by 2-inch lead glass window, Mirrors were s o  located t h a t  a view of t h e  top 
of t he  vacuum envelope could be obtained,  thus f a c i l i t a t i n g  t h e  a l i g n i n g  of t h e  cold f i n g e r  
and r e a c t o r  w i th in  t h e  envelcpe 



MLM- 8 8  1 7 

F I G U R E  2 



MLM- 88 1 a 

The co ld  f i n g e r  was inse r t ed  i n t o  and removed from the  vacuum envelope by means of 
a 30 -vo l t ,  d i r e c t - c u r r e n t ,  r o t a t i n g  rod-runner (Fig. 2) ,  The rod-runner a l s o  served t o  move 
the  co ld  f i n g e r  i n t o  a he l ium- f i l l ed  drybox used f o r  loading  and unloading t h e  r eac to r .  

Since lanthanum and act inium metals are both q u i t e  a c t i v e  chemically, t hey  were 
handled a t  a l l  times i n  a d ry  helium atmosphere. For weighing purposes, t h e  microcruc ib les  
were sealed i n  a h e l i u m - f i l l e 5  aluminum capsule  (Fig. 3 ) ,  The weighing capsule  is made of 
anodized aluminum and c o n s i s t s  of t h r e e  p a r t s :  the base,  inner  cover ,  and ou te r  screw- 
cover. The microcrucible  con t s in ing  the a c t i v i t y  f i t s  i n t o  the  hole  i n  t he  base. An "0" r i n g  
seals the inner  cover  t o  the  base. The inne r  cover is held i n  p l ace  by pressure  applied by 
t h e  ou te r  screw-cover The "0" r i n g  s e a l  proved s a t i s f a c t o r y  f o r  maintaining a helium atmos- 
phere wi th in  t h e  capsule .  

The capsule  is pro tec ted  from d u s t ,  e t c , ,  by a small b e l l  jar  which fits over  a 
Luci te  base i n  which t h e  capsule  sits. The assembly and disassembly a r e  accomplished through 
t h e  use of Luci te  t o o l s ,  (I t  Ras necessary t o  f a b r i c a t e  t o o l s  of  a s o f t  ma te r i a l  t o  prevent  
ab ras ion  of  t he  c a p s u l e , )  W i t h  repeated use,  it is poss ib l e  t o  o b t a i n  reproducib le  weights  
t o t 0  02 mi l l ig ram,  i f  s t e r i l ?  techniques a re  employed. 

A F i s h e r  Semi-micro Gramatic Balance: Model No. 1-911, was used f o r  t h e  weighings 
This  balance weighs t o  fO.02  milligram wi th  cons tan t  s e n s i t i v i t y ,  has  a capac i ty  of 100 
grams, and is operable  behind b a r r i e r s ,  Approximately 30 t o  45 seconds is requi red  f o r  a 
weighing, 

Standardization of Heater 

The e f f i c i e n c y  of the reduct ion  r eac t ion  is dependent upon t h e  temperature;  t hus ,  
it is 'required t h a t  there be ,some means of temperature determinat ion and con t ro l .  A Leeds 
and Northrup Model 8622-C o p t i c a l  pyrometer was used f o r  temperature  de te rmina t ion ,  The ob- - 
served temperatures  were co r rec t ed  f o r  t h e  absorp t ion  of t h e  z inc  bromide window and f o r  t h e  
emis s iv i ty  of  molybdenum, Thfs observed temperature was t h a t  of  t h e  e x t e r i o r  of t h e  r e a c t o r  
and t h u s  somewhat h igher  t han  t h a t  of t h e  i n t e r i o r ,  Since it was impossible  t o  observe t h e  
r e a c t o r  du r ing  a reduct ion 'because of t h e  formation of t h e  l i th ium c o a t  on t h e  envelope, it 
was necessary  t o  calibrate t h e  temperature of the reactor a g a i n s t  t he  o u t p u t  of t h e  induc- 
t i o n  hea te r ,  The output  w a s  measured by means of a Ba l l en t ine  e l e c t r o n i c  vol tmeter ,  t h e  
antenna f o r  which was wrapped around t h e  lower part  'of  t h e  co ld  f inge r .  A c a l i b r a t i o n  curve 
of  temperature  versus Bal l en t ine  vol tmeter  reading  has t o  be made f o r  each set  of equipment, 
s i n c e  t h e  temperature  is dependent upon t h e  na tu re  and dimensions of t h e  leads, the  c o i l s ,  
and t h e  r e a c t o r s ,  and upon t h e  pressure  of the  system. I t  was impossible  t o  ob ta in  an ac -  
c u r a t e  comparison of  temperature versus Powerstat s e t t i n g ,  s i n c e  t h e  output  is dependent 
upon l i n e  vol tage ,  which is not cons t an t .  

5 

Since t h e  hea t ing  of a subs tance  i n  an  induct ion  f i e l d  is a sur face  phenomenon, 
t he  a t ta inment  of reproducib le  temperatures  is poss ib l e  only i f  t h e  na ture  of t h e  su r face  
is reproducible .  Molybdenum slowly reacts wi th  t h e  oxygen i n  a i r  t o  form a s u p e r f i c i a l  c o a t  
of t h e  oxide, I t  was found t h a t  reproducib le  temperatures  could be obtained only  i f  t h i s  
s u p e r f i c i a l  oxide coa t ing  w a s  p rev ious ly ,  removed by v o l a t i l i z a t i o n  a t  >1 4OO0C and at  
5 x millimeter of mercury pressure .  
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Reagents 

LITHIUM 

Lithium metal rods of $-inch diameter ,  packed i n  an i n e r t  atmosphere, were 
obtained from Metalloy Corporation, These rods were c u t  i n  an atmosphere of helium i n t o  
small p e l l e t s  which would f i t  easily i n t o  the  lower s e c t i o n  of t he  reactor. .  

ACTINIUM AND LANTHANUM FLUORIDES 

The same procedure was used f o r  the p repa ra t ion  of both f luo r ides .  The f l u o -  
r ides  were prepared i n  a Teflon c e n t r i f u g e  tube which was cons t ruc t ed  i n  such a way t h a t  a 
molybdenum microcrucible  formed t h e  bottom of t h e  tube,  The microcrucible  was held i n  place 
by means of a screw which pressed it a g a i n s t  t h e  bottom of the  Teflon cone, 

6 

.. 

The f l u o r i d e s  were precipitated by adding an a l i q u o t  o f  t h e  metal c h l o r i d e  
s o l u t i o n  t o  approximately f ive  mill i l i ters of 24 per c e n t  hydro f luo r i c  acid s o l u t i o n  i n  the  
c e n t r i f u g e  tube.  About f i v e  mil l i l i ters  more of t h e  a c i d  was added, and t h e  mixture was 
s t i r r e d  Then the mixture was centr i fuged f o r  15 minutes a t  1,800 revo lu t ions  per minute* 
i n  a Size 1, Type SB I n t e r n a t i o n a l  C l i n i c a l  Centr i fuge.  The f l u o r i d e  formed a ge la t inous  
precipitate i n  t h e  microcrucible.  The precipitate w a s  d r i e d  f o r  about 30 minutes wi th  an in- 
frared lamp and then  f o r  1 i  hours i n  an oven a t  2OO0C. The anhydrous f l u o r i d e  formed a hard,  
dense pe l l e t  which d i d  not  adhere t o  t h e  c r u c i b l e ,  Yields  of 99.7 per c e n t  and p u r i t i e s  of 
>99.4 per c e n t  of t h e o r e t i c a l  were c o n s i s t e n t l y  obtained by use of t h i s  procedure. 

The actinium was e x t r a c t e d  from irradiated radium by a technique similar t o  
t h a t  used by Hagemann. However, when act inium f l u o r i d e  was precipitated from t h e  product 
s o l u t i o n ,  it contained a large percentage of i ron ,  aluminum, and magnesium, which i n t e r f e r e d  
wi th  t h e  reduct ion r e a c t i o n  t o  the e x t e n t  of making it impossibleu Therefore,  t h e  act inium 
as obtained by t h e  Hagemann process was f u r t h e r  p u r i f i e d  by a double a c i d  o x a l a t e  precipita- 
t i o n  and i g n i t i o n  t o  the oxide,  which w a s  then d i s so lved  i n  hydrochlor ic  ac id .  Actinium f l u o -  
r ide  precipi ta ted from t h i s  s o l u t i o n  was completely reduced, 

Procedure 

The microcrucible con ta in ing  the f l u o r i d e  pel le t  was placed i n t o  t h e  r e a c t o r ,  which 
had been loaded wi th  150 t o  200 milligrams of l i t h i u m  metal pe l le t s ,  The nozzle was wired i n  
place on t h e  r e a c t o r ,  and the assembly was placed on t h e  cold f inge r .  The r e a c t o r  was then  
inser ted i n t o  t h e  vacuum envelope and a l igned  i n  t h e  c o i l s  t o  prevent  a s h o r t  c i r c u i t .  The 
system w a s  evacuated t o  5 x millimeter of mercury p res su re .  Then f o r  25 minutes,  t h e  
r e a c t o r  was heated induc t ive ly  t o  about 1, OOO°C i n  t he  case of lanthanum and t o  1, 2OO0C i n  
t h e  case of actinium, 

A t  t h e  end o f  t h e  25-minute hea t ing  cyc le ,  t h e  r e a c t o r  was cooled f o r  f i v e  minutes 
i n  vacuum and then f o r  f i v e  a d d i t i o n a l  minutes i n - a n  atmosphere o f  helium. The microcrucible  
was then  removed from t h e  apparatus  and weighed. The p u r i t y  of t h e  lanthanum samples was de- 
termined spec t rog raph ica l ly .  The neutron growth rate of actinium was followed as a means of 
d e t e c t i n g  l i g h t  -element impuri t ies .  

7 

DISCUSSION 

Rare earth h a l i d e s  are usua l ly  used as s t a r t i n g  material f o r  t he  product ion of rare 
earth metals. To reduce rare earth (or,  more specifically,  lanthanum) ha l ides ,  a s t r o n g  

8 
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reducing agent is requi red .  Thus, a survey of a l k a l i  and a l k a l i n e  e a r t h  metals and the i r  
h a l i d e s  was made from t h e  s tandpoin t  of both t h e i r  chemical and physical p r o p e r t i e s ,  The 
thermodynamics of the poss ib l e  r eac t ions  between lanthanum halides and a c t i v e  metals  was 
s tud ied  t o  determine which ccmbinations would be most f e a s i b l e ,  

The vapor p re s su res  of t he  var ious  metals and h a l i d e s  were obtained from Brewer's 
€3 

tables" From examination of t he  vapor pressures ,  it is 
the  vapor p re s su res  of both l i t h ium bromide and l i t h ium 
metal. I n  the  reac t ion :  

Lax3 t 3M -+ 3MX 4- La 

such an observa t ion  is  s i g n i f i c a n t ,  s i n c e  t h e  ha l ide  of 
as t h e  reducing metal was d i s t i l l e d .  i .e.  i f  lanthanum 

noted t h a t  at higher  temperatures  
iodide a r e  above t h a t  of l i t h ium 

the  reducing metal would be removed 
bromide o r  lanthanum iodide could be 

reduced by l i t h ium vapor, the equi l ibr ium would be s h i f t e d  t o  favor  t h e  formation of  lan tha-  
num metal by v o l a t i l i z i n g  the l i t h ium halides.  On the  o t h e r  hand, t h e  reduct ion  of lanthanum 
f l u o r i d e  by calcium o r  bariun would not be desirable, s i n c e  calcium f l u o r i d e  and barium f luo -  
r ide have vapor p re s su res  approximately t h e  same as t h a t  of lanthanum f l u o r i d e  (o r  act inium 
f 1 uor ide 

The t a b l e s  of thermodynamic and phys ica l  p r o p e r t i e s  of  t h e  metals and metallic ha l ides  
9 

c o l l e c t e d  by Brewer and co-workers permit the  c a l c u l a t i o n  of equi l ibr ium cons tan t s  f o r  a 
number of reduct ion  processes  These cons tan ts  a r e  use fu l  i n  a q u a l i t a t i v e  way i n  determining 
which processes  might be feasible; however, it m u s t  be remembered t h a t  many of the  va lues  
given i n  these tables a re  necessa r i ly  only estimates, a l though probably t h e  b e s t  estimates 
a v a i l a b l e ,  Fur ther ,  it m u s t  b e  remembered t h a t  i n  these  processes  the  thermodynamic e q u i l i b r i a  
m a y  be g r e a t l y  inf luenced by o the r  fac tors . .  such as r e l a t i v e  v o l a t i l i t i e s  of t h e  r e a c t a n t s  and 
products  which determine the  y i e l d  of a given process  t o  a large ex ten t  

The tables cited give va lues  of t he  modified free energy func t ion  

fo r  t h e  v a r i o u s  m e t a l l i c  h a l i d e s ,  i n  which AF is t h e  s t a n d a r d  f r e e  ene rgy  of fo rma t ion  a t  
absolu te  temperature ( T ) ,  and AH,,, i s  the  hea t  of formation a t  298'K. Since 

OF = OH,,, i- CT 

t h e  s tandard  f r e e  energy change i n  reduct ion  processes  ( AFt)  may be ca l cu la t ed  from these 
s tandard  f r e e  ene rg ie s  f o r  t h e  formation of t h e  compounds concerned. Thus, f o r  t he  reduct ion  

RX, t i M - + R f i f M X o  

AFt = $AFMxn - 

where RX, is an appropr i a t e  t r i v a l e n t  metallic ha l ide  and M an a c t i v e  metal reducing agent  

(3) 

of valence n. I f  Equation (2) be 

AFt = $( AH,,, 

t hen ,  by rearrangement 

AF, = T(+ $iXn 

s u b s t i t u t e d  i n t o  Equat ion (3) 

t ET) MX, - ( AH,,, + z T ) R X ~  

then 
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I n  Table I are c o l l e c t e d  t h e  c a l c u l a t e d  equi l ibr ium c o n s t a n t s  (1) a t  l,OOOo, 1,250°, and 
1,500'K f o r  a number of poss lb l e  reduct ion r eac t ions .  Large va lues  of K i n d i c a t e  t h a t  a given 
r e a c t i o n  is thermodynamically f avorab le .  Thus, I t  is ev iden t  t h a t  t h e  sodium o r  potassium re- 
duc t ion  of lanthanum o r  act inium f l u o r i d e  would not be favorable.  

TABLE I 

EQUILIBRIUM CONSTANTS 

REDUC I NG 

METAL HAL,  DE 

I, i 

Na 

IC 

. 

1, i 

Na 

E( 

F 
C:! 
BI: 
I 

F 
c:1 
BI' 
I 

F 
c:1 
BI- 
1'. 

F 
C3. 
Br 
I 

F 
c1. 
BI* 
I 

F 
C!. 
BY 
I 

1 ,OOO°K 

LANTHANUM 

1 . 0  lo3 

8.1 x lo7 

2.2 x lo5 

5.3 x 10 . "  

1 5 x 1o1O 
3.7 x loL2 

1.7 x lo3 
1.7 x lo8 
3.2 x 10' 
1 . 1  x lo7 
1. 1  x IO-' 
4.6 x lo5 

8.0 x lo6 
6.9 x lo6 

6.6 x 10;" 

4.6 x 10, 
4.5 x 10 

6.6 X lo7 

ACT1 N I UM 

2.1 x 10: 
5.9 x 10 

8.7 x 1 6 "  

6.9 x 10:; 
4 9 x 1 0  

1.4 x loQ 

1,250'K 

1.3 x lo2 
2.4 lo5 
6.0 lo5 
9.1 x loe 
5.0 x 1 0 ; ~  
1.7 x lo4 

1 9 x loe 
9.8 loe7 
7.6 x to5 
6.9 x 10' 
5.9 x 10' 

2.5 x 10 

2.4 X IO2 
3.3 x 10' 
2.2 x 10' 

9.5 x 10;~ 

2.7 X 10' 

2.3 x lo4 
8.9 x lo5 
5.6 x 10 

1.9 x lo-' 
1 . 0  x 10' 
2.6 x 10; 
1.7 x 10 

1 ,500°K 

2.7 x 10: 
1.9 x 10 

2.6 X 10 
1.4 x 10: 

2.4 x 10;~ 

3.2 x lo5 
1.0 x 
4.5 x lo4 

1.0 x lo8 

3.8 x lo3 
4.6 x 10 

2 . 3  X loe 

2.7 X 10' 
2.0 x lo5 
4.6 x lo5 

5.5 x 10;~ 

1.5 x lo5 

2.4 x 
4.8 x io5 

1.6 X 10' 

4.0 x lo4 

2.0 x 10 

7.6 x 10; 
6.0 x 10 
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c 

The calcium o r  barium reduct ion of lanthanum and actinium f l u o r i d e s ,  ch lo r ides ,  o r  bro- 
mides is not desirable s ince the vapor p re s su res  o f  the calcium and barium hal ides  are 
about equal  t o  o r  less than  those of t he  corresponding lanthanum o r  actinium halides.. 
cium might be used f o r  the reduct ion of the iodides ,  s i n c e  the vapor p re s su re  of calcium 
iodide is greater than t h a t  clf lanthanum o r  actinium iodide.  

Q Cal- 

Thus, it seems tha t  (1) the most feasible reducing agents  t o  s tudy  would be the a lkal i  
metals,  i. e , ,  l i thium, sodium, and potassium - probably inc reas ing  s l i g h t l y  i n  usefulness  i n  
that  order ,  (2) anhydrous laxthanurn o r  act inium iodide,  bromide, ch lo r ide ,  and f l u o r i d e  are 
a l l  s u i t a b l e  f o r  r educ t ion ,  t h e  completeness and probable ease of r educ t ion  decreasing i n  
t h a t  o rde r ,  as judged from ccns ide ra t ion  of equ i l ib r ium c o n s t a n t s  and r e l a t i v e  v o l a t i l i t i e s ;  
(3) ca lcu la t ed  equi l ibr ium cclnstants alone i n d i c a t e  a decreasing y i e l d  w i t h  r i s i n g  tempera- 
t u r e ;  however, i n  gene ra l  t h e  v o l a t i l i t y  of the  product metal hal ide inc reases  more r a p i d l y  
than  t h a t  of t h e  metal, whicki i nc reases  the y i e l d  as the  temperature rises The la t ter  e f -  
fect  is probably greater, s o  temperatures of l , O O O ° C  o r  higher should favor  the  reduct ion,  

The s t a b i l i t y  and ease clf p repa ra t ion  of t h e  anhydrous lanthanum (and act inium) hal ides  
inc rease  i n  o rde r  from the  iodide t o  the f l u o r i d e  The anhydrous iod ides  are q u i t e  d i f f i c u l t  
t o  prepare, while t h e  anhydrous f l u o r i d e  ma3 be prepared by p r e c i p i t a t i n g  from water 
s o l u t i o n  and drying t h e  precjpitate. 

3 10 
3 $11 

The f l u o r i d e s  can be reduced t o  the metal by l i t h ium,  calcium. o r  barium, however, 
l i t h i u m  is the  most s a t i s f a c t o r y ,  s i n c e  its f l u o r i d e  is the  most v o l a t i l e .  Therefore,  it 
was concluded that i n  view of the ease of p repa ra t ion  of lanthanum and act inium f l u o r i d e s ,  
the  ease and comparative s a f e t y  of handling l i t h ium metal, and t h e  f e a s i b i l i t y  of t h e  re- 
a c t i o n ,  t h e  l i t h i u m  reduc t ion  of lanthanum and act inium f l u o r i d e s  would be inves t iga t ed .  The 
problem i n  the  first stages was thus  resolved t o  the reduct ion of milligram q u a n t i t i e s  of 
anhydrous lanthanum f l u o r i d e  by l i t h ium vapor a t  about 1,0003C and a t  a p re s su re  s u f f i c i e n t l y  
low t o  v o l a t i l i z e  t he  l i t h ium f l u o r i d e  formed in the r e a c t i o n ,  As a r e s u l t  of t h i s  develop- 
mental work w i t h  lanthanum, act inium metal was prepared. 

RESULTS 

Actinium metal w a s  obtained as small metallic pe l le t s  adhering t o  t h e  microcrucible  
bottoms. Its physical appearance resembled tha t  of lanthanum metal. The pe l l e t s  were u s u a l l y  
a s i lve ry -whi t e  color , ,  al though occas iona l ly  they had a golden cast The actinium metal 
glowed weakly i n  t h e  dark w i t h  a characteristic blue co lo r .  Actinium metal, l i ke  lanthanum 
metal, is a very a c t i v e  metal chemically, The metal pe l l e t  oxidized rap id ly  i n  moist air t o  
form a c o a t  of white actinium oxide which w a s  somewhat e f f e c t i v e  i n  prevent ing f u r t h e r  
oxidation. 

Data f o r  some typical reduct ions o f  both lanthanum and act inium f l u o r i d e s  are shown i n  
Table 11, An average yield of 98.4 per c e n t  was obtained f o r  the  lanthanum reduct ions.  Spec- 
t rographiFaanalyses  showed t h a t  these metal p repa ra t ions  contained less than 0.1 per c e n t  
f l u o r  ine. 

I n  t h e  p repa ra t ion  of actinium metal, an average y ie ld  of 94.5 per c e n t  was obtained,  
The percentage of f l u o r i n e  was c a l c u l a t e d  from neutron counts  on the assumption t h a t  a l l  t h e  
neutrons were (due t o  t h e  f l u o r i n e .  A l l  of the metal p repa ra t ions  contained less than 0.3 
per cen t  f l u o r i n e  on t h i s  basis. 

7 
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TABLE I I 

Y I E L D  AND P U R I T Y  OF METAL PREPARATIONS 

WEIGHT LaF, 
( m g )  

11.43 

11.45 

13.45 

22.83 

24 I 89 

25 I 98 

LANTHANUM 

FOUND 

( m g l  

8.00 

7.99 

9.. 48 

15.29 

17.77 

18.19 

Y 1 E:LD 

(95) 

98 8 

98.4 

99.2 

94.4 

100.6 

98.7 

ACT1 N I UM 

CALC MAX 

PER SECOND* FLUOR I DE 

NEUTRONS 

WEIGHT AcF3 CALC FOUND Y I E L D  

( m g l  ( m g l  ( m g )  ( 8 )  ( % I  
6.23 a2.98 4.62 92 ~ 8 5,000 0.30 

8.64 6 I 90 6.30 91 " 3  5,000 0 22 

'12.30 !>.a3 9.76 99.3 2,000 0.06 

*COIJNTED AT EQU I L I l3R I UM 

FLUOR I DE 

( % /  

( 0  1 

<o .  1 

<o.  1 

<o.  1 

< o .  1 

<o .  1 

The temperature of  reduct ion  is cr i t ica l ,  I f  t oo  low a temperature  is used, t h e  product  
metal does not  melt and incomplete reduct ion  r e s u l t s  i f  t o o  high a temperature  is used. 
some of t h e  h a l i d e  is v o l a t i l i z e d  and a low y i e l d  r e s u l t s .  For lanthanum, reduct ions  c a r r i e d  
o u t  a t  950°C were incomplete  and r e d u c t i o n s  c a r r i e d  o u t  above 1 , l O O " C  r e s u l t e d  i n  low y i e l d s  
For act inium, t h e  temperature range f o r  maximum y i e l d  and p u r i t y  w a s  1 100" t o  1,275"C 

The experiments i n d i c a t e  t h a t  t he  melting po in t  of actinium metal is about 200°C higher  
o 13 than  t h a t  of lanthanum. The reported mel t ing  po in t s  of lanthanum metal are 826 C 

The apparent melting po in t  O P  act inium metal is 1,050" _+ 50"C, 
and 887°C'. 

CONCLUSIONS 

The r e l a t i o n s h i p  of t he  melting po in t  of act inium t o  t h a t  of ad jacent  metals is shown 
i n  Table 111, which is a pa rc i a1  pe r iod ic  table of mel t ing poin ts .  

The melt ing po in t s  which were obtained from Brewer's tables '  f o r  t h e  e lements  i n  t h e  
first fou r  A-subgroups of Pe,:iods 3 ,  4, 5, and 6 are l i s t ed .  For any given period, the  melt- 
i ng  p o i n t s  increase  from Group I t o  I V ,  I n  agreement with t h i s  observat ion,  t h e  mel t ing  
po in t  of act inium f a l l s  between t h a t  of radium and thorium, I n  genera l ,  t h e  mel t ing  p o i n t s  
of t he  elements i n  the va r ious  groups decrease with increas ing  atomic number, However, t h i s  
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obse rva t ion  does not appear '50 be v a l i d  f o r  Period 6. The reported melting po in t  of radium 
(960OC) is h ighe r  than t h a t  of barium (717OC). We observed a similar anomaly f o r  actinium 
(1,050°C) and lanthanum (887°C). Since the  melting p o i n t s  of t h e  metals are r e l a t e d  t o  t h e i r  
atomic volumes, l4 t h e  anoma1:tes are probably due t o  t h e  e f f e c t  of lanthanide con t r ac t ion .  
The elements a f f e c t e d  by 1ani;hanide con t r ac t ion  are those i n  Table I11 below t h e  heavy line, 
I n  Group I V ,  t he  e f f e c t  of l i tnthanide con t r ac t ion  is observed i n  t h e  f i f t h  per iod.  The melt- 
ing po in t  of hafnium (2,327"C) is higher  than t h a t  of zirconium (1,86OoC). Therefore ,  t h e  
melting p o i n t  f o r  actinium shows both a ho r i zon ta l  and ve r t i ca l  r e l a t i o n s h i p  t o  t h e  melting 
p o i n t s  of its neighboring elwnents. 

TABLE I I !  

PART I A L  PER I OD IC TABLE OF MELT I NG PO I NTS* 

GROUP 

I I1 
PER I OD 

I11 I V  

3 K 64 Ca 851 sc  1,397 T i  1,727 

Y 1,477 Zr 1,860 4 Rb 39 Sr 771 

5 C s  29 Ba 717 La 887 I Hf 2,327 

6 Fr ? Ra 960 Ac 1,050 Th 1,827 
.. 

*ALL TEMPERATURES ARE REPORTED I N  OC. 
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